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SUMMARY

A prelidnaryinvestigationof theuseofa smallq=t ityof fluid
thatignitesspontaneouslywithnitricacidto initiatetheacid- ‘
gasolinereactionwa~carriedoutina 200-pound-thrustuncooledengine
witha characteristiclengthof 30 inchesattemperaturesrangingfrom
50°to -85°F. Forconvenienceof experimentation,thestartingprocess
wasdividedintotwophases:ignition,theresultof reactionbetween
theigniterfluidandtheacid;andtransition,thereplacementof
igniterfluidby gasolineto givesteady-stateconibustion.

Itwasfoundthatignitioncouldbeobtainedat -85°F withfuel
blendsofaromaticsminesandtriethylaminewithredfumingnitricacid

● (RFNA)containingapproximately19percentnitrogendioxideand3 to
5 percentwaterusedasanoxidant.Fortheengineconfiguration
employed,themaximuminitialflowrateofpropellantswhichwouldper-

* mitignitionto occurdecreasedastemperaturewasdecreasedthatis>
a decreaseinvalveopeningratewasrequired.

Withthetransitionflowprogramused,transitionto gasolinewas
possibleat40°F withalliaiterfluidstried;whereasat -40°F,
transitioncouldbeobtainedonlywithhydrazinehydratecontaininga
smallquantityofgasolineinsuspension.As reactivityofthemainfuel
wasincreasedby substitutingtriethylamineforgasoMne,transitionwas
obtainedat -85°F withtheparticularflowprogramused.

Thetendency
chsmberdecreased

of severaligniterfluidsto formtarsinthecombustion
asthearomaticcontentofthefluidwasdecreased.

INTRODUCTION

Forlarge-scaleuseandmoderateflightranges,thegasoline-
nitric-acidrocketpropellantsystemappearslogisticallyattractive

% sincebotimaterialsarea~ailablefromnumeroussourcesandinquanti-
tieswhichareunlimitedwhencomparedwithavailablesuppliesofmany
otherrocketpropel&ants.Furthermore,gasolineisalreadysowidely

#

~.
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usedfora&craftpropulsionthat&theadditionalquantitiesrequiredfor
rocket-engineoperationswoulddemax?littleorno expansionofpresent
distributionchannels.Methodsfordistributingnitricacidintonnage
quantitiesarealsowellestablished.

Beforethispropellantsystemcanbecomeentirelysatisfactoryfor
fielduse,severalproblemsmustbe solved.Onesuchproblemisto
obtainreliablestartingatlowambienttemperatures.Theproblemis
especiallysevereforassisted-take-offtits operatingunderarctic
conditionsandinunitsdesignedforadditionalthrustathighaltitude
infighteraircraftor long-rangebcmiberswhenrepeatedsta&swithout
intermediateservicinga!rerequired.

Twobasicmethodsappearfeasibleforignitingthegasoline- acid
system,namely,theuseof electricalignitersorof chemicaligniters.
Studiesof sparkignitioninhydrocarbon-airmixtures(refs.1 and2)
haveshownthat,astemperatureandpressurearedecreased,therequired
electricalenergyis increased; it isalsoknown(refs.3 to 6)that,as
temperatureigdecre&sed,theignitionlagof spontaneouslyigniting
propellantsincreases.Itwouldttiereforebe expectedthat,as~bient
temperatureisdecreased,thegasolfie- acidsystembecomesmorediffi-
cultto ignite. “

Theinvestigationreportedhereinwasconcernedwiththechemical
startingmethodand,inparticular,withtheuseof an igniterfluid
whichprecedesthegasolineintothecombustionchamberandignites
spontaneouslywiththeacid;theheatof.reactionservesto ignitethe
gasolinewhichfollows.For.easeofanalysisandexperimentation,the
startingprocesshasbeenditidedintotwophases.Thefirstphase,
calledignition,isthereactionbetweenigniterfuelandacid. The
secondphase,calledtransition,isthereplacementof igniterfuelby
runningfueluntilsteady-statecombustionisattained.Completionof
bothphasesiscaneda start.

.
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Thepurposeoftheinvestigation,presentedhereinandconductedat
theWA Lewislaboratory,wasto determinetherocket-engineignition
characteristicsof severalfuelsthatgavelowignitionlagswithacid
in.benchapparatus,ta determinesomeofthefluidflowfactorsgoverning
transitionbetweenigniterfuelandrunningfuel,andto determinethe
cokingtendenciesof severaltypesof igniterfuEJ.

Thetechniqueusedwas* cool’the200-pouqd-thrustengineand
mpe~ts,~ a desiredttie=~re~ aWst the”valvew~~g rate}and

e’thesuccessof.ign$tjonortransition.byR timerecordof .... “..
%&&n-chamber.pressure. Thqyyrimary,variablesweretemperature,
VL3JWmenitigt+~, .U@tyJ~~~i.~y* methodof‘.~}en~wst*@3 and...... :A _
&fq&*el.. ,,- , , ,:“ .,.,: .
,.’%.7-...*,

=
:<“., .“’“.::”““ ‘+..“’”**. ,. ....* ,.z,-,,-‘-. .. ...-“—.-,..: .... %“-.,
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Theapparatusconsistedof a thrustcylinderwithan impinging-jet
i~ector,a hydraulicallyactuatedpropellantvalve,a cmibinedblending
deviceandtankforigniterfuel,tanksforrunningfuelandoxidant,
anda refrigerationsystem.

Thrustcylinder.- Thethrustcylinderwasuncooledandhada
nominalthrustratingof200pounds,a characteristiclength(ratioof
chanibervolumetonozzle-throatarea)ofapproximately30 inches,anda
designoperatingpressureof450poundspersquareinchgage. The
inJectorwasoftheimpinging-~ettypewithfoursetsof holesspaced
90°apart.Eachsetconsistedoftwoacidholesandonefuelhole,with
fuelon theinside.Detailsofthethrustcylinderareshowninfigure1.

Propellantvalve.- Thepropellantvalvewasa modifiedversionof
thatdescribedinreference7 endpermittedanacidleadintothecom-
bustionchsmber.Thefuelandacidvalvepintleswereconnectedlya
yokewhichwasactuatedhydraulically;thevalveopeningratewas
adjustedby changingrestrictororificesandhydraulicpressure.

Flowcharacteristicsofthepropellantvalve-injectorcombination
areshownh figure2. The”flowrates=e basedona propellantsupply
pressureof550poundspersquare~nchgageandatmosphericpressurein
thechsmiber.Thisconditionapproximatesthatintherocketengineprior

. to ignition.Theflowcoefficientsusedto calculatethecurveswere
obtainedby calibrationswithwater-glycerinemixturesover a rangeof
Reynoldsnumbers.9

Igniterfuelandtransitioncy~nder.- Transitionfromigniterfuel
torunningfuelwascontrolledbya pistonandcylinderdevicewhich
servedthedualpurposesof containingtheigniterfuelaswellas con-
trollingthetransitionfromigniterfueltorunningfuel. Figure3 is
a schematicdrawingoftheentirepropellantsystemaswellasthe
detafisoftheflowcontrolcylinder.

Theflowcontrolcylinderfunctionsinthefollowingmanner:The
desiredquantity.ofigniterfuelisloadedintothecylinderforcingthe
pistonto therear. Runningfuelisloadedintoitstankandairisbled
fromthesystemby meansofhandvalves.Whenthemainfueltankispres-
surizedandthepropellantvalveopened,pureigniterfuelentersthe
thrustchamberuntilthepistonbeginstouncovertheportsintheside
ofthecylinder.At thistimerunningfuelismixedwithigniterfuel.
Whenthepistonreachestheextremeforwardposition,purerunningfuel
isenteringthethrustcylinder.Byusinghigh-spe@motionpictures
andcoloredwateritwasdeterminedthatthevolumeofblendedigniter

* fuelandstartingfuelwasapproximatelyl? cubicinches.Totalvolume
oftheigniter-fuelcylinder

#
was15 cubicinches.

..

. . ..
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Refrigerationsystem.- Forcoldrunstheentirerocketassem%ly, ●

includingthrust-~ylinder,valves,andtanks,wassubmergedina tank
filledwithmethylenechloride.Constanttemperaturewasmaintainedby
circulatingthemethylenechloridetbrougl-asystemconsistingofa warm w

bath(water)anda coldbath(dryicesmdalcohol),mixingvalves,and
a controller,as shownschematicallyinfigure4. G

(i
Forwarmrunsthecontainerwasfilledwithwatertohelpmaintain

a

constanttemperat~eandtohelpminimizeexplosiovdsmage. —

Instrumentalion.- Recordingbourdon-tube-typepressuregageswere
usedtomeasurefuelandoxidantsupplypressures,injectionpressues,
andcombustion-chamberpressure.Theseinstrumentshadanaccuracyof
& percentof fullscale,whichinmostcaseswas&15poundspersquare
inch.Thepropellantvalvepositionwasconvertedto.electric~voltqge : _
by meansof a rackandpinionoperatinga variableresistanceandwas
continuouslyrecordedbymeansofa recordingpotentiometer.

—

Temperaturesweremeasuredby twothermocouplesineachpropellant
tank,onethermocoupleineachpopellantline,andtwothermocouplesin —
thecoolantbath.

PROCEDURE

Forignitionruns,theigniterfuelwasloadedinto
trolcylinderandtherunning-fueltankwasleftempty.

thefuelcon- .
Directgas

press&eonthepistonforcedigniterfuelintotheengine.Fortransi-
tionruns,bothigniterfuelandrunningfuelwereloadedintothe

=b
appropriatetanks.Inallcases,enoughacidwasloadedtoprovidean
over-alloxidant-to-fielweightratioof fourplusacidleadandacid..
override.

Afterloadingpropellants,refrigerantwasadmittedto thecoolant
bathandsufficienttimeallowedforallthermocouplestoreachthesane

—

temperaturewithin1°or2°. At thispointtheenginewaspressurized
andfired.

.
!

Satisfactoryignitionwasadjudgedbysoundanda continuously
risingchamberpressuretraceconsistentwithvalveopeningrate. Start-
ingwasconsideredsatisfactorywhenthepressuretraceleveledoffat

:

designchamberpressure. .—

Thefuelsusedconsistedof gasoline(MIL-F-5572,115/145);tri-
dhyl-ej tllrp=till~j toluenejdiallylSulfidej tied sLkyl thiophos-
phttesj70percenttriethylamine,30percentorthotoluidine;50percent
triethylamhe,50percentdiallylaniline;50percenttriethylamine,
50“percentdid.lyl~inejhydrazinehydrate(64percenthydrazine);

● _

hydrazinehydrateplus5 percentsuspendedgasoline;and63percent
% ‘“

~~

.
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triethylamine,
materialsused

5

27percentorthotoluidine,10percentgasoline.All
wereof commercialgradeandblendedona volumebasisat

7@ F. Thesuspensionof gasoline-inhydrazinehydratewastemporarily
stabilizedby smallsmountsof stearicandoleicacids.

Theacidswereblendedona weightbasisandtheassaysareshown
inthefollowingtable:

Oxidant Compositionbyweight

HN03 N02 E20

am I 97.5 I 0.6 I 1.9
RFNAl 77.7-76.618.7-19.63.6-3.8

RFNA2 76.0 18.4 5.6

%hitefumingnitricacid

RESULTSANDDISCUSSION

Ignitiontemperaturelimits.- Inreferences3 and4, a 50:50blend
oftriethylamineanddiallylaniline,anda 70:30blendoftriethylamine
andorthotoluidinearereportedtohaveignitiondelaysat-87°F of50. and62milliseconds,respectively,withacidscontaining3 to 5 percent
waterand16to 19percentnitrogendioxide.Inthisinvestigationitwas

* foundthatthosefuelsi~itedina satisfactorymannerintheengineat
-85°F withredfumingnitricacidcontainingapproximately16to19per-
centnitrogendioxideand3 to 5 percentwater.Theseresultstendto
confirmtheopipionexpressedinthereferencesthatthesefuelsare
satisfactoryforuseatleastas lowas -76°F, thelowerspecification
temperatureformilitaryequipment.

EffectoftemperatureonaU.owsbleigdterfuelflow.- Theminimum
valveopeningtimeswhichwouldpermitignitionofthe70:30blendof
triethylsmine- orthotoluidinewithtwocompositionsofredfumingnitric
acidareshowninfigure5 asfunctionsof initialanibienttemperature.
Ingeneral,theallowabletimeincreasedfromlessthan0.1secondat
50°F to from2 to4.5secondsat -@ F. Thehigherofthetwovalues
at -85°F csnbe accountedfor,inpart,by thelongerignitionlagof
theacidcontaining5 percentwateras comparedwiththeacidcontaining
3 percentwater.Figure6 showsthecalculatedpr~pellantflowscorre-
sponding
compares
(ref.4)&

tothevalveopeningtimesat50”and-85”F, andfigure7
theignitionlagcurveobtainedinbench-scaleapparatus
withtheminimdm-valve-opening-timecurve.
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Twogenez)alconclusionscanbe obtainedfromthesedata:

(1)As thetemperatureisdecreased,thevalveopeningtimerequired
forignitionincreased,andfromthecalibrationcurves(fig.6) itcan
be assumedthattheflowratepriorto ignitiondecreasedbecauseof
increasedviscosityaswell.asbecauseoftheslowervalveopeningrate.

(2)Ignitionlagaloneisnota suitablecriterionoftheusefulness
ofa proposedigniterfuel,butisratheran indexoftheallowableflow
ratepriorto ignitionfora fixedengineconfiguration.

Thusa materialwitha longignitionlag,butwithotherdesirable
properties,couldstillbeusefulasan igniterfuelwhenlowinitial
flowratesarepermissible. —

Optimumvalveopeningtimeforignition.- Witha fixedquantityof
igniterfuel,maxhumchamberpressureduringignitionwasdevelopedfor
valveopeningtimesgreaterthantheminimumrequiredtoobtainignition.
Thiseffectisil.lustratedbythedataoffigure8 fora temperatureof
-65°F.

Itwouldbe anticipatedthatas valveopeningtimeisdecreased,the
chamberpressurewhichdevelopedwouldincreasebecauseoftheincreased
flowrateofpropellants;therefore,thedecreaseimdevelopedpressure
withfurtherdecreaseinvalveopeningtimecanbe explainedby the
assumptionthatthefuelisenteringat a fasterrtitethanit canbe
consumedinthereaction. “

●

Effectoftemperatureontransitionprocess.- Withallthei iter
Ffuelsinvestigated,transitiontogasolinecouldbeobtainedat40 F,

butcouldnotbe obtainedat -40°F, as shownin summary
*

inthefollowing
table:

Oxidant

mA

RFNA

Igniterfuel

aliytiazinehydrate

aHydrazinehydrateplus
5percentsuspended
gasoline

50 Percenttriethylsmine,
50 percentdialJ_ylaniline

70 Percenttriethylemine,
30 percentorthotoluidine

63 Percenttriethylamine,
27 percentorthotoluidine~
10 percentgasoline
(ML-F-5572)

:85° F

E
Prop&lantm
freeze

Propellants
freeze .

Yes

Yes

---

No –

.-

--

-40°F

Igni-
tion

Yes

Yes

Yes

Yes

Yes

Tran-
sition

No

Yes

No

No

No

40°F

E’
Yes Yes

Yes Yes

Yes Yes

LYes Yes------
%4 percenthydmkne --- .- ,..
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Forusewiththesanethnst cylinderdesignaswasemployedin
thisinvestigation,AerojetEngineeringCorporationhasdesigneda

w propellantvalvewhichgivestransitionfromhydrazinehydrateto gaso-
lineat -40°F.withwhitefumingnitricacid(ref.8). Theflowcharac-

N teristicsofthisvalvesresuchthata smallamountof gasolineenters

G
thechamberalongwithhydrazinehydrateduringtheignitionphase.

Withthepresentengineconfiguration,thisconditionwasshulated
by suspending5 percentgasolineinthehydrazinehydrate,whereupon,
as shownintheprecedingtable,transitionwas”obtainedat -40°F.
When10percentgasolinewasdissolvedinthetriethylamine- ortho-
toluidineblend,a similartransitionat -40°F couldnotbe obtained.
Thusitappearsthath an engineoflowcharacteristiclengthit is
necessaryto introducethegasolinediscretelywhilea substantial
portionoftheigniterfuelis stillenteringthechamberandreacting.

Effectofrunning-fuelreactivityontransition.- Theeffectof
running-fuelreactivityontransitiontemperaturelimitsis summarized
inthefollowingtable:

Increasingchemical Runningfuel -85°F -40°F 40°F
reactivitywithRI’NA

I Gasoline(MIL-F-5572)
Toluene
Turpentine
Triethylamine Transition

Forthisstudy,theigniterfuelwas70percenttriethylamine,
30percentorthotoluidineandti otherfactorssuchasflowprogram,
propellantquantities,andenginegeometrywerefixed.

As reactivityincreasesfromgasolinetotriethylamine,thelimiting
temperaturefortransitiondecreasesto -85°F,whichisnearthemelting
pointoftheacid.Thisscaleofreactivityis somewhatarbitraryand
isbasedonthefollowingconsiderations:

(1)Gasolinereactssluggishlywithnitricacidat roomtemperature

(2)At roomtemperature,toluenereactsvigorouslywithnitricacid
toyield”oxidationproductsandnitro.compounds

(3)!hirpentheignlteswithmixedae.id(L3percentsulfuric,87per-
centnitric)at -40° F, but notwith-redfm&tngnitricacid.,.

(4)Tr;ethylandne”ignites.with.‘~edfumiti.’ni.trtcacidat -40°F
.., ..1-,’ ..:.=.: “. ““”“e<.--“’” ,“’ .,.. % ,-

/ .. .
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Thesedataindicatethatthelowertheactivationenergyofa
runningfuelandoxidant,thelowerwillbethepermissiblestarting
temperature,providedthematerialshavesuitablephysicalproperties.
Itwouldalsoappearthata preciseflowprogrsmisa primaryfactor
onlywithrelativelynonreactivefuelssuchashydrocarbons.

Tar-formingtendenciesof igniterfuels.- At lowtemperaturesmany
igniterfuelstendtoformtarand cokebecauseof incompletereaction
withtheacid.Thistendencyismosttroublesomewhenan ignition
failure.occurs.Insucha casetheigniter-chaaiber-orificeor the
injectorholes,andinthecaseofa smallengine,theexitnozzle,may
becomeblockedby a mixtureoftarandcoke,”therebyincreasingthe
possibilitythata repeatedattemptto start.willresultina mamnction
orexplosion.

Infigure9 isshowna typicaldepositontheinjectorfacefora
runinwhichigniterfuelonlywasusedandignitiontookplace.The
chambersndconvergentportionofthenozzleweremuchmoreheavilycoked
thantheinjector.

IntableI isshownhowthestructureoftheigniterfuelinfluences
thecokingtendency.Noncarbonaceousfuels,likehydrazinehydrate,pro-
duceno deposits.Fuelsderivedfromaliphatichydrocarbonsproduceless
tarthanaromaticfuels;and,ingeneral,asthearomaticcontentofthe
fuelincreases,thetendencytoformtarsincreases.Dilutionofaromatic
fuelswithtriethylaminetendsto reducetheabsoluteamountoftar
formed.

CONCLUDING~

Theresultsobtainedinthisinvestigation

9

“

—

—
-

.-
-.

—

—

“

●

aresodependentupon
enginedesignandmethodofflowcontrol~hattheconclusionsshmldbe..
appliedoglyina qualitativemannerto otherengineconfigurations.
Thus,inenginesofroughlytwicethecharacteristiclengthoftheone
employedinthisstudy,otherinvestigatorshaveobtainedsatisfactory
startswithhydrazinehydrate(69percenthydrazine)at -40°F.even
thoughno gasolineenteredwiththeigniterfluid.

SUMMARYOFRESUZTS

Thestartingofthegasoline- nitricacidsystemby an igniter
fluid,inJectedaheadofthegasoline,whichignitesspontaneouslywith
theacid,wasinvestigatedina 200-pound-thrust.enginewitha charac-
teristiclengthof 3Qinches.The!resultsofthisinvestigationcanbe”
summarizedasfollows:

—
.

—

--.—— —

—

—

‘%
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1.Blendsof diallylanilineor orthotoluidinewithtriethylamine
ignitedsatisfactorilyat -85°F witha redfumingnitricacidcontain-
ingapproximately19percentnitrogendioxideand3 percentwater.

2.As thetemperaturewasdec~eased,thepermissiblevalveopening
timeto obtainignitionincreasedata ratewhichroughlyparalleledthe
incveaseinignitionlagoftheigniterfuel.

3.Withthetransitionflowprogrsmused,transitionto gasoline
waspossibleat40°F withaid.igniterfluidstried;whereasat -40°F
transitionto gasolinewaspossibleonlywithan igniterfuelwhichcon-
sistedof a 5 percentsuspensionofgasolineinhydrazinehydrate.An
igniterfuelconsistingofan orthotoluidine,triethylsmine,gasoline
blendinwhichthegasolineis solublefailedto givetransitionatthis
temperature.

4.As reactivityof therunningfuelwasincreasedby changingfrom
gasolinetotoluenetoturpentineto triethylamine,thetemperatureat
whichtransitioncouldbe obtaineddecreasedfrom40°to -85°F, while
maintainingti otherfactorsconstant.

5.Thetendencyof igniterfuelstoformtarsandcokeinthe
thrustcylinderdecreasedasthearomaticcontentofthematerialwas
decreased.

.

LewisFlightRepulsionLaboratory
s

1.

2.

3.

. 4.

#-

NationalAd~isoryConuaitteeforAeronautics
Cleveland,Ohio
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TABLEI - EFFECTOFIGNITER-FUELCOMPOSITIONONAMOUNTOF

RESTIUEDEPOSITEDINCOMBUSTIONCHMWER

Chemical Igniterfuel Chambercondition
classification

NoncarbonaceousHydrazinehydrate Clean

Aliphatic Mixedalkylthiophosphites Clean
50Percentdiallylamine,
50percenttriethylsmine
diallylsulfide .Y $mal“:alo

Aromatic 70Percenttriethylamine, ~ g
30percentorthotoluidine g,,d

50Percenttriethylsmine, Heavydeposit
50percentdiallylaniline

●

.

0-
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